The compositions of glass clasts in volcaniclastic rocks recovered from drilling at Site 1184 on the eastern salient of the Ontong Java Plateau (OJP) are investigated using microbeam analytical methods for major, minor and trace elements. These data are compared with whole-rock elemental and isotopic data for bulk tuff samples, and with data from basalts on the high plateau of the OJP. Three subunits of Hole 1184A contain blocky glass clasts, thought to represent the juvenile magmatic component of the phreatomagmatic eruptions that generated the volcaniclastic rocks. The glass clasts have unaltered centres, and are all basaltic low-K tholeiites, with flat chondrite-normalized rare earth element (REE) patterns. Their elemental compositions are very similar to the Kwaimbaita-type and Kroenke-type basalts sampled on the high plateau. Each subunit has a distinct glass composition and there is no intermixing of glass compositions between subunits, indicating that each subunit is the result of one eruptive phase, and that the volcaniclastic sequence has not experienced reworking. The relative heterogeneity preserved at Site 1184 contrasts with the uniformity of compositions recovered from individual sites on the high plateau, and suggests that the eastern salient of the OJP had a different type of magma plumbing system. Our data support the hypothesis that the voluminous subaerially erupted volcaniclastic rocks at Site 1184 belong to the same magmatic event as the construction of the main Ontong Java Plateau. Thus, the OJP would have been responsible for volatile fluxes into the atmosphere in addition to chemical fluxes into the oceans, and these factors may have influenced the contemporaneous oceanic anoxic event.
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Fig. 1. Predicted bathymetry (after
of the OJP and surrounding areas showing the location of DSDP and ODP basement drill sites. The Ontong Java Plateau is shaded.
(complementary to the fractionated basalts) was sufficient to temper subsidence of the OJP such that it still stands above the surrounding ocean floor. Indeed, it is apparent that, at least along the northern and eastern margins of the OJP, the adjoining abyssal seafloor has subsided relative to the plateau (Kroenke 1972; Kroenke et al. 1986; Hagen et al. 1993) .
Prior to Autumn 2000 and drilling of the OJP during Leg 192 of the Ocean Drilling Program, the volcanic basement of the plateau had been sampled at only three drill sites (DSDP Site 289 and O D P Sites 803 and 807) with limited penetration at each site (Andrews et al. 1975; Kroenke et al. 1991) . This information was supplemented by studies of uplifted portions of the plateau in the Solomon Islands (e.g. Babbs 1997; Petterson et al. 1999; Birkhold 2000) . One of the primary objectives of Leg 192 was to determine the environment and style of eruption at five widely separated sites in previously unsampled areas across the plateau (Fig. 1) . In particular, a site at the current topographic high point of the plateau (Site 1183) was considered the location most likely to yield subaerial volcanic rocks. However, all of the basement sites sampled on the 'high plateau' are characterized by the presence of pillow basalts, with some massive flows and minor sedimentary interbeds. In fact, the basalt flows recovered from Site 1183 were very similar to the deep-water eruptives sampled on Malaita, Solomon Islands (Babbs 1997; Petterson et al. 1999; Tejada et al. 2002) . This suggests that Ontong Java high plateau volcanism was confined largely to the submarine realm. In contrast, drilling at Site 1184, located on the previously unsampled 'eastern salient' of the OJP, cored a sequence of subaerially erupted volcaniclastic rocks at least 338 m thick (Mahoney et al. 2001) .
Ocean Drilling Program Leg 192, Site 1184
The volcaniclastic sequence at Site 1184 was divided into six subunits (Subunits IIA-IIF; (Fitton & Godard 2004; Thordarson 2004) . Lithological features of the Site 1184 rocks are described by Mahoney et al. (2001) and Thordarson (2004) , and the rocks are interpreted as primary hydromagmatic deposits from Surtseyan eruptions. The sequence consists predominantly of massive coarse lithic vitric tufts, lapilli tufts and lapillistones. The existence of blocky, subangular, non-vesicular glass shards implies that the eruptions were phreatomagmatic, and abundant accretionary lapilli indicate that the eruptions formed subaerial eruption columns. Many intervals contain basaltic lithic clasts (see Sharer et al. 2004) . The presence of wood fragments at the top of Subunits IIC, IID, IIE and IIF shows that parts of the eastern salient formed emergent islands at the time of eruption. Discrete mineral grains (plagioclase and pyroxene) are a volumetrically minor component, and the tufts are cemented with zeolites or calcite. Glass shards, abundant in Subunits IIA, IIB, IID and IIE, are thought to represent the juvenile magmas that were quenched during these hydroclastic eruptions. Although in general the sequence is heavily altered, some intervals contain glass clasts with unaltered centres. Site 1184 was chosen to be near the summit of the northern ridge of the eastern salient, a location that may have originally been at relatively shallow water depths. Prior to drilling at Site 1184, the relationship between the eastern salient and the high plateau was unknown. The eastern salient has been proposed as: (1) part of the main plateau (Mahoney et al. 2001) ; (2) belonging to a postulated plume tail (Mahoney et al. 2001) ; (3) a younger section of the plateau formed in response to a change in the stress field of the plateau associated with a major change in Pacific plate motion at approximately 43 Ma (Duncan & Clague 1985) ; (4) the main locus of approximately 90 Ma volcanism (Tejada et al. 1996) ; or (5) a younger volcanic constructional feature related to passage of the plateau over the Samoan hot spot at c. 35-40Ma (Yan & Kroenke 1993) , and which may have also been recorded on Makira (Birkhold 2000) . Thus, the presence of a thick volcaniclastic sequence in the eastern salient was surprising.
Biostratigraphical evidence collected during Leg 192 suggested that the basement at Sites 1183, 1185, 1186 and 1187 is Aptian in age, with a 125 m-thick carapace of overlying 'Kroenketype' basalts at Site 1185 having a poorly constrained age of Cenomanian-Albian (Mahoney et al. 2001) . However, 4~ dating of these basalts (Chambers et al. 2002) shows no evidence that the basaltic carapace at Site 1185 is significantly younger than the underlying lavas: all of the basalts sampled during Leg 192 were emplaced during one magmatic event at about 120 Ma (range: 122.0 _+ 1.9-105.5 _+ 3.9 Ma (lo.)), with no evidence for a volumetrically significant younger phase at c. 90 Ma, as had been suggested by previous work (e.g. Mahoney et al. 1993; Tejada et al. 1996) . At Site 1184, shipboard nannofossil data suggested that the volcaniclastic sequence was emplaced during the middle Eocene. However, the weighted mean of six total fusion 4~ ages on discrete feldspar crystals is 123.5 + 1. 8 Ma (lo-: Chambers et al. 2004) , and a study of the volcaniclastic lithologies by Thordarson (2004) suggests that the volcaniclastic rocks are syn-eruption accumulations. Thus, in contrast to the biostratigraphic data, the 4~ and lithological evidence point to eruption and emplacement of the volcaniclastic rocks during the main Aptian plateau-building magmatic event. This is supported by a steep palaeomagnetic inclination, consistent with a Cretaceous age (Riisager et al. 2004) .
It is important to verify that the Site 1184 volcaniclastic rocks are compositionally similar to the main plateau-building basalts because, if so, this would be the first confirmed instance of substantial subaerial eruptions occurring as part of the OJP-forming magmatic event. This has implications for our understanding of the origin of the OJP and its environmental effects. In this paper, we present major-and trace-element data for samples of unaltered glass from clasts in volcaniclastic rocks at Site 1184, and Sr-, Nd-and Pb-isotopic data for bulk tuff samples. The chemical data are compared with whole-rock elemental data for basalts from the Ontong Java Plateau (Fitton & Godard 2004) to investigate any degree of compositional similarity. In addition, a comparison of the major-element data for unaltered glass and altered bulk tuff samples, as well as isotopic data for altered volcaniclastic rocks and basalts from the OJP (cf. Mahoney et al. 1993; Tejada et al. 1996 Tejada et al. , 2002 Tejada et al. , 2004 Neal et aL 1997) , provide some constraints on the chemical and isotopic changes that occur during sedimentation and alteration, and may assist future studies of similarly altered volcaniclastic rocks. This work is complemented by a study of lithic clasts from the volcaniclastic rocks at Site 1184 (Sharer et al. 2004) .
Analytical methods
For analysis of glass clasts, shipboard samples were taken at intervals where hand-specimen examination indicated that unaltered glass was present: criteria for determining this included conchoidal fracture, a vitreous lustre and hardness exceeding that of a steel probe. Subunits IIB and IIC of the volcaniclastic succession at Site 1184 did not contain unaltered glass, and clasts from Subunit IIA were heavily fractured. Thus, the samples are biased towards Subunit liE, reflecting the increasing glass preservation with depth in the core.
To separate glass clasts for laser ablation inductively coupled plasma-mass spectrometry (LA-ICP-MS), samples were soaked in water, subjected to repeated freeze-thaw action over several weeks and then gently crushed using a fly press. Hand-picked, cleaned, intact glass fragments large enough for LA-ICP-MS analysis were obtained from Subunits IID and liE. Polished epoxy grain mounts were prepared; the smooth surface helps prevent the build-up of ablated particles. LA-ICP-MS analyses were conducted at the University of Notre Dame using a PlasmaQuad II STE quadrupole ICP-MS and a Nd-YAG laser quadrupled to 266 rim. Power used for these analyses was c. 0.9 mJ with a spot size of c. 25 jam and a repetition rate of 4 Hz. Tuning and standardization was conducted using NIST612 standard glass (cf. Pearce et al. 1997) . Data reduction was achieved using the LAMTRACE program of Simon Jackson (MacQuarie University). Each sample was analysed twice. The standard NIST612 glass was analysed twice at the beginning and twice at the end of each analytical run, and was also analysed as an unknown during the run as a check of analytical precision and machine stability. Electron microprobe data from the University of Leicester (see below) were used as internal standards.
Polished thin sections were prepared for electron microprobe analysis. This approach was preferred as it minimized any bias towards particular morphologies during picking of glass fragments, and eliminated any risk of mixing grains between samples. Major-and minorelement compositions were determined on a JEOL 8600 electron microprobe at the University of Leicester using a 15 kV accelerating voltage, a 30 nA beam current and a 20 ~am-diameter beam. This beam diameter was chosen to be small enough to avoid inclusions and/or heterogeneities in the glass clasts, whilst being large enough to minimize loss of the more volatile elements, notably Na, during analysis. Count times were 20 s on the peak and background for Si, Ti, A1, Fe, Mg, Ca, Na and K. The raw data were corrected using a ZAF (atomic number, absorption, fluorescence) correction procedure.
Whole-rock major-and trace-element data for the bulk tuff samples were analysed by X-ray fluorescence (XRF) at the University of Edinburgh and by ICP-MS using a VG-PQ2 Turbo+ spectrometer at ISTEEM, Montpellier; data and analytical details are reported in Fitton & Godard (2004) . Four bulk tuff samples, representing the range of trace-element characteristics of the volcaniclastic rocks, were analysed for Sr-, Nd-and Pb-isotopic composition at the Scripps Institution of Oceanography using the procedure described in Tejada et al. (2004; see also Janney & Castillo 1996 . For detailed descriptions of the lithologies from which these samples were taken, see Mahoney et al. (2001) and Thordarson (2004) . Powders of samples analysed for Sr-and Nd-isotopic ratios were first leached in 4.5 N HC1 to mitigate the effects of sea-water alteration (e.g. Mahoney 1987; Janney & Castillo 1996 Tejada et al. 2004) ; those for Pb-isotopic ratios were not leached because it was suspected that the majority of the Pb was in a leachable phase. SiO~ (wt. %) 
Results
Major-element compositions of glass clasts
All of the glass clasts analysed are basaltic low-K tholeiites (Fig. 3 , Table 1) , with approximately 49.5-51 wt% Si02, 6.5-9 wt% MgO and K20 < 0.2 wt%. Data from all seven samples define three distinct compositional sets, corresponding perfectly to Subunits IIA, IID and IIE. This suggests that volcanic and sedimentary processes did not rework and mix glass populations, and supports the hypothesis that the glass clasts represent the juvenile magmatic component of the volcanic eruptions driving the emplacement of the volcaniclastic sequence (Thordarson 2004) . The uppermost subunit, Subunit IIA, has the most primitive magma composition, with an average MgO content of 9.0 wt% and average TiO2 of 0.9 wt%. The least primitive compositions are present in Subunit IID, with average MgO of 6.7 wt% and average TiO2 of 1.3 wt%.
Subunit IIE has intermediate compositions, with average MgO of 7.9 wt% and average TiO: of 1.0 wt%.
Comparison with OJP basalt compositions.
Three distinct basalt types are now recognized on the OJP (for details see Fitton & Godard 2004) : (1) abundant Kwaimbaita-type basalts, typically with 6-8 wt% MgO; (2) Kroenke-type basalts, first described during ODP Leg 192, with MgO contents up to 11 wt% ; and (3) Singgalo-type basalts, with similar MgO contents to Kwaimbaita-type basalts, but distinct Sr-Nd-Pb isotope ratios from both Kwaimbaitaand Kroenke-type basalts. Figure 4 compares glass clast compositions (open symbols) with fields for OJP Kwaimbaita-, Kroenke-and Singgalo-type basalts that have loss on ignition (LOI) of less than 1% (Fitton & Godard 2004) . No Singgalo-type basalts were recovered during Leg 192; those reported by Fitton and Goddard (2004) OJP basalt data (Fitton & Godard) Sin Singgalo-type (Site 807 data) 9 " ~i: Kwb ~'2 Krk The glass from Subunit IIA (hereafter 'IIA glass') is broadly similar to the lower-MgO end of the Kroenke-type basalts. However, the HA glass has marginally higher TiO2, CaO and Na20, and marginally lower FeO(T) and A1203. In particular, the different TiO2 contents for a given MgO content reflect subtle differences between the IIA glass and the Kroenke magma type.
Glass from Subunit liE is very similar in composition to the widespread Kwaimbaita-type basalts of the OJP. The liE glass has slightly lower FeO(T) contents, but there is good overlap with the Kwaimbaita field for all other elements analysed. Although Subunit | I D glass has similar MgO, CaO, Na20 and K20 contents to the Singgalo-type magmas, the IID glass has significantly higher SiO2, and significantly lower TiO2 and A1203 contents.
In summary, the major-element compositions of glass ctasts from Site 1184 support the hypothesis of a genetic relationship with the basalts of the high plateau. The predominant Kwaimbaita magma type appears to be present at Site 1184, and other Site 1184 magmas show varying degrees of similarity with other magma types recovered from the high plateau. be made of how volcaniclastic sequences like that at Site 1184 can act as sources or sinks of particular elements in the oceanic environment. For example, the bulk tuff samples from Subunit IIA demonstrate significant elemental mobility: in particular, MgO, Na20 and K20 have been added to the volcanic pile and CaO has been removed. Figure 4 demonstrates that the bulk tuff analyses differ substantially from analyses of unaltered glass from the centres of glass clasts. In particular, the processes of sedimentation, cementation and sea-water alteration have resulted in a marked depletion of CaO, and enrichment of Na20 and K20 relative to the unaltered glass (e.g. Hart et al. 1974; Verma 1992 ). In contrast, SiO2, A1203, TiO2 and FeO0-) have remained relatively unaffected. Not all subunits have been affected in the same way, e.g. MgO contents in Subunit IIA bulk tufts are elevated by approximately 4 wt% relative to the unaltered IIA glass, whereas Subunit IID and l i e bulk tufts are similar to those of the equivalent glass clasts. This difference in behaviour probably reflects changes in alteration style and/or degree of cementation within the volcanic pile. Although some of the difference between glass and bulk tuff compositions may be due to variability in the proportions of lithic clasts and crystal fragments within the tufts, these components are generally volumetrically minor (Thordarson 2004) , and cannot account for significant compositional differences.
Comparison with Site 1184 bulk tuff compositions.
Comparison between glass and bulk tuff compositions enables some qualitative estimates to
Incompatible trace-element compositions of glass clasts
Trace-element data for glass clasts are presented in Table 2 , and plots of trace-element compositions are presented in Figures 5 and 6 . Because of the uneven distribution of unaltered glass in Hole 1184A, there are five samples from Subunit IIE and only one sample from Subunit IID.
Figures 5 and 6 demonstrate that the homogeneity in major-element composition amongst clasts from the same subunit (Subunit IIE) extends to incompatible trace elements as well. A difference in trace-element composition between Subunits liD and IIE is just discernible -the sample from Subunit IID has marginally higher incompatible trace-element contents, particularly for the highly incompatible elements, although the overall patterns are similar.
Comparison with trace-element data from basalts of the OJP (Fitton & Godard 2004) demonstrates that the Subunit IIE glass overlaps with the Kwaimbaita magma type in traceelement compositions. Glass fi'om Subunit IID is marginally more enriched in a range of incompatible elements than Kwaimbaita-type magmas, but it is not enriched enough to resemble the Singgalo-type magmas (Fig. 7) . 
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Errors (all reported at 2or) are calculated on the basis of duplicate analyses and the reproducibility of the glass. The NIST612 average data are on the basis of eight analyses. Shafer et aL 2004), but falls within the range of previously analysed Kwaimbaita-type lavas (cf. Mahoney & Spencer 1991; Mahoney et al. 1993; Tejada et aL 1996 Tejada et aL , 2002 Neal et al. 1997 ). This sample belongs to Subunit IIA, which has a Kroenke-type elemental signature according to glass clasts and bulk tuff analyses. Kroenke-type lavas have a Kwaimbaita-type lava isotopic signature (Tejada et al. 2004 ). The Nd and Sr concentrations of sample 1184A-11R-3, 28-34 cm dropped dramatically after leaching (see table 4 of Fitton & Godard 2004 for unleached values), suggesting that most of its Sr and Nd contents are in the altered, leachable phases such as secondary phosphates and clay (e.g. Cheng et al. 1987; Mahoney & Spencer 1991; Janney & Castillo 1996 . Thus, intense sea-water alteration is most probably responsible for its high 87Sr/86Sr (e.g. McCulloch et al. 1981; Cheng et al. 1987; Verma 1992) . Sample 1184A-11R-3, 28-34 cm has lower Pb-isotopic ratios than the other samples analysed and all Ontong Java Plateau lavas; this is also probably due to intense sea-water alteration. The ENd(t = 120Ma) of sample l184A-25R-5, 40-47 cm, from Subunit IIC, is within the ranges of Leg 192 Kwaimbaita-type lavas (Tejada et al. 2004 ) and lithic basaltic ctasts from Site 1184 (Shafer et al. 2004) . This is consistent with the similarity of most of the major-and traceelement contents of bulk tuff samples from this unit with Leg 192 Kwaimbaita-type lavas from Sites 1183, 1185 and 1186 (Fitton & Godard 2004) . Age-corrected Sr-and Pb-isotopic ratios of the sample, however, are different from Leg 192 Kwaimbaita-type lavas. Although this sample is not as severely altered as sample l184A-11R-3, 28-34 cm, its Sr-and Pb-isotope systematics may also have been modified by seawater alteration.
Sample 1184A-42R-6, 7-18 cm is from Subunit IIE; the glass clasts from this subunit are compositionally homogeneous and overlap with the composition of Leg 192 Kwaimbaita-type lavas. The Sr-, Nd-and Pb-isotopic composition of sample 1184A-42R-6, 7-18 cm is very similar to that of Leg 192 lavas (Tejada et al. 2004 ) and overlaps with the field of the lithic basaltic clasts from Site 1184 (Sharer et al. 2004) . It is important to note that this sample was chosen to be a geochemical reference sample for the volcaniclastic sequence at Site 1184 and, hence, was carefully chosen from the freshest section of the sequence. Sample l184A-46R-1, 54-60 cm and the two other samples, on the other hand, were chosen not for freshness, but to cover the range of compositions.
Sample 1184A-46R-1, 54-60 cm, from Subunit IIF, has the highest Nd-isotopic ratios among the samples analysed. Consequently, it has higher s 120 Ma) than all Leg 192 Kwaimbaita-type lavas and the lithic basaltic clasts from Site 1184. It also has high 2~176 for a given 2~176
) ratio compared to Kwaimbaita-and Singgalo-type lavas, although not as high as the 2~176 of the tuff layer above the basement at Site 1183 (15.563 v. 15.581: Tejada et al. 2004) . Interestingly, the 2~176 2~176 ) and 87Sr/S6Sr(t = 120 Ma)values overlap with Leg 192 Kwaimbaitatype lavas. Hence the majority of the isotopic signature of sample 1184A-46R-1, 54-60 cm is similar to that of Kwaimbaita-type lavas. A possible explanation for the isotopic composition of this sample is that it came from a source that has a slightly different composition (i.e. in Nd isotopes and 2~176 from that of the Kwaimbaita-type lavas. More likely, its source is similar to that of the rest of Leg 192 lavas and volcaniclastic rocks, but its isotopic composition is variably affected by alteration.
In summary, the Nd-isotope signature of three out of four bulk tuff samples of the variably altered volcaniclastic sequence analysed is similar to that of the Kwaimbaita-type lavas; the Nd-isotope signature of the fourth sample is also close. The Pb-isotopic systematics are similar only to a limited degree and it is hard to predict their behaviour in the variably altered volcaniclastic rocks. The Sr-isotope systematics cannot be trusted as a petrogenetic tracer for the volcaniclastic sequence. That the Nd-isotope systematics of the volcaniclastic bulk tuff samples for bulk tuff samples from Site 1184 compared with fields for previously analysed Kwaimbaita-, Singgalo-, Sigana-type and Aln6ite lavas from the OJP (Mahoney & Spencer 1991; Tejada et al. 1996 Tejada et al. , 2002 Neal et aL 1997) and basaltic lithic clasts from Site 1184 (Shafer et al. 2004) . Analytical error is smaller than the symbol used. Other fields shown are for the Louisville Seamount Chain, Manihiki Plateau (Mahoney 1987; Mahoney & Spencer 1991) , Pacific normal-MORB (Tejada et al. 1996) , and volcaniclastic rocks from ODP Site 869 and Wodejebato Guyot (Janney & Castillo 1999 ).
can be used as petrogenetic tracer for the source(s) of the volcanogenic components is also shown by results of isotopic investigations of the lithic basaltic clasts in the volcaniclastic sequence at Site 1184 (Sharer et aL 2004) , the tuff layer above the lavas at Site 1183 (Tejada et al. 2004 ) and the volcaniclastic sequence in the Nauru Basin (Castillo 2004) .
Discussion
Relationship between m a g m a c o m p o s i t i o n and stratigraphy
There is no consistent stratigraphic trend in composition between magma types that indicates evolution via magmatic differentiation processes, particularly fractional crystallization of a single magma batch. The glass clasts demonstrate that the earliest eruptions (Subunit IIE) were of a Kwaimbaita-type magma, followed by a more evolved magma (Subunit IID). The top of the succession (Subunit IIA) reverts to a more primitive magma type, similar to the Kroenketype lavas of Sites 1185 and 1187. Furthermore, trace-element data for bulk tuff samples from all subunits of Hole 1184A show that at least five distinct magma compositions were erupted over the lifetime of the sampled portion of this volcano (Fitton & Godard 2004, fig. 7 ). The distribution of magma types relative to the stratigraphy indicates that the magma chamber was replenished with more primitive magma at least twice during the sampled time interval.
The dominance of Kwaimbaita-and Kroenketype compositions in the glass clasts is consistent with observations made on the basaltic lithic clast population of the volcaniclastic rocks (Shafer et al. 2004) . The modest heterogeneity observed at Site 1184 contrasts markedly with the majority of the OJP, in particular with the homogeneous Kwaimbaita-type magmas that dominate the sampled portions of the high plateau and the island of Malaita. The presence of complexly zoned plagioclase megacrysts (Babbs 1997 ) and plagioclase-rich xenoliths (Mahoney et al. 2001) in the Kwaimbaita-type lavas indicate that residence in magma chambers was responsible, at least in part, for this homogeneity. The juvenile components of the volcaniclastic sequence in the eastern salient of the OJP may not have had such an extensive magma storage system; alternatively, the explosivity of the eruptions may have tapped a wider range of magma compositions from a single magma reservoir, compared to effusive eruptions that may have only tapped the upper, well-mixed portion of the magma chamber (cf Kilauea: Dzurisin et al. 1995) .
E x t e n t o f subaerial volcanism and implications f o r p l u m e models"
Confirming the presence and extent of volcaniclastic rocks that are part of the main plateau sequence may help to answer questions about the origin of the plateau and its subsidence history. Site 1184 has the only known example of near-source subaerially erupted volcaniclastic rocks on the OJP. Vitric tuff layers immediately above basement at DSDP Site 289 (Andrews et aL 1975) and ODP Site 1183 may represent shallow-water or subaerial eruptions, but these tufts are considerably finer grained than the lapilli-dominated sequence at Site 1184, and the two layers at Site 1183 show evidence of sedimentary reworking (Mahoney et al. 2001) . The loci of shallow-water or subaerial volcanic activity contributing to these vitric tuff layers remain unknown.
Consequently, the volume of volcaniclastic rocks making up the Ontong Java Plateau is extremely poorly constrained. Site 1184 is the only site to have sampled 'basement' on the whole of the eastern salient, a feature that constitutes approximately a quarter of the area of the OJP (Fig. 1) . Two-dimensional (2D) seismic surveys do not appear to discriminate effectively between basaltic and volcaniclastic basement, and therefore only further drilling will determine the extent of subaerial volcanic activity.
The presence of non-vesicular pillow basalts rather than subaerial lavas at the current topographic crest of the high plateau has created difficulties for the plume-head model of oceanic plateau generation (e.g. Richards et al. 1991) , which predicts dynamic uplift of 1-3 km associated with the arrival of a plume head at the base of the lithosphere (e.g. Hill 1991 ). This amount of dynamic uplift, coupled with the relatively thin lithosphere thought to be required to explain the high degrees of partial melting (Mahoney et al. 1993; Tejada et al. 1996; Neal et al. 1997; Fitton & Godard 2004) , and the thick plateau crust should have been sufficient to elevate the plateau crest above sea level during volcanism. Neal et al. (1997) , however, point out that a hidden layer of high-density cumulates would have both limited uplift and tempered post-emplacement subsidence of the OJP.
The OJP has undergone subsidence of approximately 1.5 km since eruption of its youngest (sampled) lavas (Roberge et aL 2004b) . This is considerably tess than would be expected from the plume-head model combined with normal thermal subsidence. In spite of this problem, however, the plume-head model remains the most widely accepted hypothesis for the generation of the OJP, mainly because it is the only model amongst several contenders that adequately explains the generation of such a large magma volume derived from a relatively undepleted (i.e. non-mid-ocean ridge basalt) and volatile-poor (Roberge et al. 2004a ) source in a relatively short period of time.
If the OJP did form above a plume head, and the apparent lack of subaerial volcanism on the high plateau is genuine, it suggests that our models of plume-generated uplift and/or plateau-related subsidence require re-evaluation. For example, if the anomalously hot mantle material rapidly flowed laterally during the plume impingement event, as has been suggested for the North Atlantic Igneous Province (Saunders et al. 1997; Larsen et al. 1999) , the hot material could form a thinner, laterally more extensive sheet than is envisaged in many mantle plume models, and the amount of uplift would be lower. Alternatively, modelling by Olson (1994) suggests that if a plume head is emplaced beneath the lithosphere as a solitary thermal diapir rather than continuing to be fed from beneath, maximum topographic uplift would precede the peak of volcanism by about 5 Ma, and by the time the final lavas were emplaced (i.e. those that are sampled by ocean drilling) the plateau could have already undergone significant subsidence due to the withdrawal of dynamic support. In this case, any subaerial lavas and/or volcaniclastic successions would be buried beneath a carapace of younger, submarine lavas. On the high plateau, drilling has only penetrated the uppermost 217 m of the 30-35 km-thick crust, so it is possible that subaerial lithologies remain hidden underneath.
However, other oceanic plateaus do contain subaerial lithologies close to the top of the volcanic stratigraphy (e.g. Caribbean Plateau: White 1999; Kerguelen : Coffin et al. 2000) . This demonstrates that, whether or not subaerial rocks exist deeper within the volcanic pile of the OJP, its mode of formation may have been different from those of other Cretaceous Pacific plateaus such as the Caribbean Plateau. The presence of a high-density cumulate layer within the OJP, as modelled by Neal et al. (1997) , may be one of the more significant dissimilarities between the OJP and other Pacific oceanic plateaus.
Environmental and climatic implications
The OJP represents an immense outpouring of magma, but there is no significant mass extinction temporally associated with its eruption. This contrasts with the eruption of many continental flood basalt provinces, which correlate temporally with (and may have contributed to) major mass extinctions (e.g. Wignall 2001) . A likely explanation for the lack of environmental catastrophe associated with the OJP is the observation that the majority of the volcanism occurred in the submarine environment, and that the magmas are relatively volatile-poor (Michael 1999; Roberge et al. 2004a ). This would have restricted the flux of climate-affecting volatile species (e.g. SO2, C1, F, CO2) into the atmosphere. However, our limited sampling of the OJP means that the proportion of subaerial volcanism, and thus the flux of volatiles associated with OJP magmatism, is very poorly constrained. It should also be noted that the likelihood of a mass extinction is not a simple function of volatile output of a volcanic system, as it depends on a web of interlinked factors combined with the ability of Earth's systems to withstand climatic and environmental perturbations (e.g. White 2002 ). Consequently, statements that assume a direct link between extinctions and volatile fluxes should be treated with caution.
Although the OJP does not correlate with any mass extinctions, it is temporally associated (Pringle 2001 ) with an environmental disturbance, recorded in the sedimentary and geochemical record as the Aptian Oceanic Anoxic Event la ('Selli Event'). At this time, black shale deposition was associated with a negative ~13C excursion, a fall in sea-water S7Sr/86Sr and an increase in metal concentrations (Larson & Erba 1999) . These environmental features are consistent with their being caused by large-scale basaltic volcanism, with increased volatile input into the atmosphere combined with increased hydrothermal fluxes into the oceans.
Conclusions
9 The juvenile magmatic components of the volcaniclastic rocks recovered at Site 1184 are chemically and isotopically similar to pillow basalts and sheet flows recovered elsewhere on the OJP. This corroborates the hypothesis that the subaerial, explosive volcanism on the eastern salient of the OJP is part of the main early Aptian plateau-building magmatic event. In particular, the juvenile magmas contributing to Subunit IIE of Site 1184 are indistinguishable from Kwairnbaita-type magmas in terms of major-and trace-element composition, and are also similar in terms of Nd-and, to a limited extent, Pb-isotopic composition. 9 Although all the glass clasts have a low-K tholeiitic composition, each of the three subunits that contain unaltered glass records a distinct juvenile magma composition. This suggests that the eastern salient had a different type of magma plumbing system to that of the high plateau, allowing a greater degree of heterogeneity to be preserved. No intermixing of glass clasts between subunits was detected, supporting the shipboard hypothesis (arising from the discovery of wood fragments at subunit boundaries) that each subunit represents a discrete eruptive phase with intervening periods of quiescence. 9 Whereas drilling at Site 1185 indicated a hiatus between eruption of Kwaimbaita-type and Kroenke-type basalts, the volcaniclastic succession at Site 1184 indicates that both magma types were present within the lifetime of a single Surtseyan volcano, albeit one that had non-eruptive intervals of sufficient length for colonization by woody vegetation. 9 Bulk tuff analyses for some samples closely match juvenile glass clast compositions from the same subunit, whereas others are markedly different. This reflects variability in the degree of alteration/cementation of the tufts, and, to a lesser extent, the proportion of non-juvenile material (e.g. lithic clasts) incorporated into the sedimentary pile. At least some of the Ontong Java Plateau volcanism was subaerial, and thus had the potential to inject volatile, climate-modifying, species into the Cretaceous atmosphere. The volume of volcaniclastic rocks on the eastern salient (and elsewhere on the plateau), and thus the extent of these subaerial eruptive events, remains unquantified. Although the eruption of the OJP does not appear to have had a signifcant affect on contemporaneous biota, the magmatism does correspond temporally with the anoxic Selli Event.
